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m Introduction

Optimization and control of cell culture processes are
essential to increase production efficiency of
biopharmaceuticals. In the field of cell therapy
including regenerative medicines, enhanced control of
the culture process is also becoming important to
reduce cell variability and improve consistency of mass
production of the cells. Comprehensive monitoring of
culture supernatant components gives researchers
useful information for these purposes. However,
current technologies for process monitoring are
limited to measurement of pH, dissolving gases, and
some small compounds such as glucose, glutamine,
lactate, and ammonia in culture supernatant.
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We have developed a “Cell Culture Media Analysis
Platform, C2MAP system” that combines automated
pretreatment module for culture supernatant samples
with LC/MS/MS. This system can perform automated
sample pretreatment and simultaneous analysis of up
o 95 compounds including basal medium
components and secreted metabolites (The list of
target compounds is shown in the column to the
right.). This system contains a software that can
visualize temporal change in each culture supernatant
components through the cell culture.
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In this application, we present features of the C2MAP
system and its applications.

Liquid Chromatography Mass Spectrometry

A Novel Cell Culture Media Analysis
Platform for Culture Process Development

Takashi Suzukil, Kohei Yamamoto?!, Tomonori Nozawa?, Tatsuya Nishio!, Kenichi
Toyoda?, Tairo Ogura?, Yasuhiro Mito?, Hajime Bungo?, Masatoshi Takahashi!
1Shimadzu Corporation, Kyoto, Japan; 2Shimadzu Scientific Instruments, Columbia, MD

& List of Compounds

No. Compound Name Class. No. Compound Name pound Name
2-bopropyimalic acid 15 33 N-Acotylaspartic acid 5 Cyliding
Gluconic acid Carbohydrate 34 N-Acetylcysteine Cytidine monophosphate My
Glucosamine Carbohydrate 35  Omithine Deaxycytidine

Hexwose (Glucose)
Sucrose

1
2

3

4 Omdized glutathione
5

& Threonic acid

7

8

9

7 Phenylalanine
Pipecolic acid
Profine

Guaning

39 Guanosine

Guancsne monophosphate
2-Aminoadipic acid Hypaxanthine

4-Aminobutyric acid Serine Inosine

A-Hydrowypraling Threonine Thymidine
10 5-Ghutamylcysteine 42  Tryptophan 4 Thymine
11 5-Oxoproling Tyrosine 5 Uracl
12 Alanine 4 Valine Amine acld 76 Uric ackd
13 Alanyd-glutaminge 5 d-Aminobenzoic acid Vitamin 77 Undne
14 Arginine acid 1 78 Xanthine

15 Asparagine
16 Aspartic acid

79 Xanthosine
1 80 Penicillin G
Vitarnin 81 2-Aminoethanol

acid 2-phosphate

17 Citrulline 49 Choline

18 Cystathionine Cyanocobalamin Vitamin B2 2-Ketoisovaleric acid g
19 Cysteine 51 Ergocekiferol Vitamin 83 30l ! ot
20 Cysting Folic acd Witz 84 er
21 Glutamic acid Folinic acid Witz 85 Mhesr

Lipoic acid Vitamin BE Ethyenediamine Other

Niacinamide Witz 87 Fumaric acid Other

6 Nicotinic acid Vitarmin 88  Glycaric acid Other

57 Pantothenic acid Vitamin B3 Histamine Other

T Pyridoxal Witarnin 90 Isocilic acid Otthwer

27 soleucine Pynidoxine Vitamin 91 Lactc acid Other
28 Kynurenine 60 Riboflavin A | 892  Malic acid Other
29 Leucing Tocopherol acatate 1 93 O-Phosphoethanclamine  Other
30 Lysine Adening acld 94 Putrescine Other
31 Methsonine i Adenosing acld 95  Pyruvic acid Other
32 Methionine subfoxide Amino acid 64 Adenosine monophesphate Nucleic acid 96 Succinic acid Other

m Cell Culture Media Analysis Platform, C2MAP
Cell Culture Media Analysis Platform, C2MAP, is
configured from  pretreatment module (C2MAP-

2000), UHPLC system (Nexea-X2), and triple
guadrupole mass spectrometer LCMS-8060/-8050
(Fig.1).
UHPLC Nexera X2
C2MAP-2000 ——

LCMS-8060

Figure 1: Overview of C2MAP system
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After removal of the cells from culture fluid, vials
containing cell culture supernatant (400 to 500 mL)
are set into the sample rack of C2MAP-2000 (Max. 65
samples). Pretreatment and measurement flow of
C2MAP system are shown in Figure 2.
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Figure 2: Pretreatment and measurement flow

A dedicated software, C2MAP software, can control
both the pretreatment module and LC/MS/MS system,
making it possible to carry out seamless analysis and
to associate the treated sample and the measurement
results easily because pretreatment and analysis are
carried out with the common sample ID. The progress
of pretreatment and analysis is easily confirmed
(Figure 3).

Temporal changes in each component can be
graphed with the dedicated viewer software, C2MAP
TRENDS, using LC/MS/MS data set. Analysts can
monitor variations in basal media components and
secreted metabolites during cultivation, as well as
display graphs of component comparisons with
samples from different culture series. These
observations can provide useful insights into

considerations of the optimal culture conditions and
the culture process.

Figure 4: C2MAP TRENDS
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Figure 3: C2MAP software




m Results and Discussion

Pluripotent stem cells (PSCs) have a feature
maintaining undifferentiated state. In this experiment,
C2MAP system was used to compare the temporal
changes in the culture supernatant components in
undifferentiated human iPS cells and its differentiated
counterparts. As a result, significant difference could
be found in the time course of some compounds
(Fig.5). We think these compounds can be marker
candidates for culture process management.
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Figure 5: Biomarker screening for
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Fetal bovine serum (FBS) often affect cell growth. In
this experiment, detection of component amount
variation among the product lots was tested. Three
different lots of FBS were analyzed by C2MAP system.
We could detect 56 compounds from FBS sample.
Overall pattern of mass chromatogram from each lot
was similar, whereas significant differences were
detected in some compounds (Fig.6).
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Figure 6: Evaluation of lot to lot variation of FBS

m Conclusion

Through multicomponent monitoring of the culture
supernatant using C2MAP system, various useful
information can be obtained. This information
provides useful insights into optimization of the
culture media composition and the culture process.
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LCMS-8040 LCMS-8045 LCMS-8050 LCMS-8060 LCMS-2020 LCMS-IT-TOF

Founded in 1875, Shimadzu Corporation, a leader in the
development of advanced technologies, has a distinguished
history of innovation built on the foundation of contributing to
society through science and technology. Established in 1975,
Shimadzu Scientific Instruments (SSI), the American subsidiary of
Shimadzu Corporation, provides a comprehensive range of analytical
solutions to laboratories throughout North, Central, and parts of
South America. SSI maintains a network of nine regional offices
strategically located across the United States, with experienced
technical specialists, service and sales engineers situated throughout
the country, as well as applications laboratories on both coasts.

For information about Shimadzu Scientific Instruments and to
contact your local office, please visit our Web site at
www.ssi.shimadzu.com
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